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OUTPUT CONTROL DEVICE, METHOD AND
PROGRAM FOR WIND FARM

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application 1s based upon and claims the benefit of
priority from Japan Patent Application No. 2012-229046,
filed on Oct. 16, 2012, the entire contents of which are
incorporated herein by reference.

TECHNICAL FIELD

The disclosure of this application relates to an output
control device, a method and a program for a wind farm.

BACKGROUND

In view of the depletion of fossil fuels and the prevention
of a global warming, introduction of power generation
systems utilizing natural energy (e.g., wind power and solar
power) 1s advancing worldwide. A wind power generation
device converts energy possessed by wind into rotation
energy through a wind turbine, and transmits such energy to
a power generator directly or with an increase in the rotation
speed by a speed-up gear, thereby generating electrical
energy. A wind farm 1s a system for generating large power
by placing wind power generation devices of several tens to
a hundred or more on a broad land or on the broad ocean.

When the scale increases, a wind farm affects a stable
operation of a power system, and thus an output control
performance and a system interconnection management
equivalent to those of a thermal power generation plant are
required. System interconnection requirements to 1ntercon-
nect a wind farm with a commercial system are defined by
respective electric power companies and national standards
which are disclosed 1n, for example, “System Connection
Technology Requirement of Wind Power Generation Facili-
ties (for extremely high voltage)”, Dec., 2011, Tohoku-
Electric Power Co., Inc.; and Standard Number IEC61400-
25-2 (Wind Turbines-Part 25-2: Communications {for
monitoring and control of wind power plants-Information
models) Annex C, 2006-12-14.

In a power system, a thermal power generation device or
a water power generation device controls respective fre-
quencies within a certain range, and when a wind farm that
changes the frequency 1n accordance with wind 1s 1ntercon-
nected with the power system, the load of frequency control
increases. During a night at which the thermal power gen-
eration devices and the water power generation devices 1n
the power system are deactivated, the frequency maintaining,
performance decreases, and thus 1t may be necessary in
some cases to parallel ofl the wind farm.

The fluctuation originating from the wind farm also
causes a voltage fluctuation at a connection point, which
deteriorates the power quality. The above standard
IEC61400-25-2 also defines a spinning reserve to be held,
1.e., a performance that can increase supplied power to a
system when a disturbance like a breakdown occurs in an
interconnected power system. By maintaining the spinning
reserve, the wind farm can be operated as a power plant that
can contribute to the system stabilization.

For a power producer possessing a wind farm, 1t becomes
possible to increase the operating rate while avoiding unnec-
essary parallel ofl, and further to contribute to the system
stabilization when a breakdown of a power system occurs by
controlling the wind farm output so as to satisty the system
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interconnection requirement. Hence, JP 2009-239990 A, JP
2007-32488 A, and JP 2007-37226 A disclose wind farm
control technologies, but those control technologies are not
made 1n consideration of maintaining a spinning reserve.
Moreover, Japan Patent No. 4881349 discloses a wind-farm-
output control technology of adjusting the output by a wind
farm so as to maintain a reserved power.

There are needs for power producers to not only maintain
a spinning reserve while satisfying a system interconnection
requirement, but also stabilize the yieldability by maximally
utilizing wind energy to perform an etlicient operation. The
wind farm operation technology of Japan Patent No.
4881349 enables an operation of a wind farm that maintains
a reserved power while satistying a system interconnection
requirement. However, Japan Patent No. 4881349 does not
explicitly describe a specific way to realize the distribution
method of the outputs of respective wind power generation
devices. Therefore, it cannot be always said that the efhi-
ciency of the method of Japan Patent No. 4881349 1s the
best. Moreover, when the frequency increases, a wind farm
output can be reduced and suppressed, but when the fre-
quency decreases, 1t 1s diflicult to increase the output.

SUMMARY

The disclosure of the present application has been made
in order to address the above-explained technical disadvan-
tages, and 1t 1s an objective to provide an output control
device, a method and a program for a wind farm which
estimate energy obtainable from wind, and which can auto-
matically and efliciently distribute a control amount in
accordance with the condition of the wind within an out-
puttable generation power range of each wind power gen-
eration device.

An output control device for a wind farm according to an
aspect of the present disclosure includes the followings:

(1) a potential estimation unit that estimates a maximum
amount of electrical power outputtable by each wind power
generation device;

(2) a control amount determination unit that determines,
based on the maximum amount of the electrical power
estimated by the potential estimation umit, a control amount
on an ellective power of each wind power generation device
and/or on a reactive power thereof 1n the wind farm; and

(3) a control amount distribution unit that distributes the
control amount to each wind power generation device based
on an available power generation amount of each wind
power generation device.

A control method and a control program that realizes the
above-explained wind farm output control device are also
embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1illustrating a structure of an
output control device for a wind farm according to a first
embodiment of the present disclosure;

FIG. 2 1s a block diagram illustrating a structure of a
potential estimator according to the first embodiment of the
present disclosure;

FIG. 3 1s a flowchart illustrating a wind farm eflective
power control method according to the first embodiment of
the present disclosure;

FIG. 4 1s a block diagram illustrating the wind farm
ellective power control method according to the first
embodiment of the present disclosure;
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FIG. § 1s a flowchart illustrating a controlling method of
maintaining the spinmng reserve of the wind farm according,
to the first embodiment of the present disclosure;

FIG. 6 1s a block diagram illustrating the controlling
method of mamtaining the spinning reserve of the wind farm
according to the first embodiment of the present disclosure;

FI1G. 7 1s a flowchart illustrating the controlling method of
maintaining the spinning reserve of the wind farm according
to the first embodiment of the present disclosure;

FIG. 8 1s a block diagram illustrating the controlling
method of maintaining the spinning reserve of the wind farm
according to the first embodiment of the present disclosure;

FIG. 9 1s a graph illustrating a spinming reserve to be
maintained and an output change rate to be constant through
an output control of the wind farm according to the first
embodiment of the present disclosure;

FIG. 10 1s a block diagram 1llustrating a reactive power
control method of the wind farm according to the first
embodiment of the present disclosure;

FIG. 11 1s a block diagram 1illustrating a voltage control
method of the wind farm according to the first embodiment
of the present disclosure;

FIG. 12 1s a block diagram illustrating a process for
distributing an etlective power output control amount of the
wind farm to respective wind power generation devices
according to the first embodiment of the present disclosure;

FIG. 13 1s a block diagram illustrating a process for
distributing a reactive power output control amount of the
wind farm to respective wind power generation devices; and

FIG. 14 1s an explanatory diagram for an estimating
method of a maximum amount of electrical power that can
be output by each wind power generation device according,
to a third embodiment of the present disclosure.

DETAILED DESCRIPTION

[1. First Embodiment]

(Structure)

An explanation will be given of an output control device
for a wind farm 1n detail according to a first embodiment of
the present disclosure with reference to FIG. 1. FIG. 1 1s a
block diagram 1illustrating an output control device for a
wind farm according to this embodiment.

The wind farm of this embodiment includes n number of
wind power generation devices 100, an output control
device 1 for the wind power generation devices 100, and an
clectric power system 3 that receives power output by each
wind power generation device 100. The wind power gen-
eration devices 100 are connected to the output control
device 1 via control lines 2, and the wind power generation
device 100 controls the power generation amount in accor-
dance with an instruction on a control amount from the
output control device 1. Each wind power generation device
100 1s connected to the system 3 via a power line 4. The
power generated by the wind power generation device 100
1s output to the system 3 through the power line 9. A supplied
power data detecting unit 5 1s provided at a connection point
between the power line 4 and the system 3. The supplied
power data detecting unit 5 detects supplied power data on
various kinds of electric quantities supplied from the power
line 4 to the system 3.

The wind power generation device 100 employs the
following structures.

(1) Blades 101 having a variable pitch angle.

(2) A turbine 102 that 1s rotated by wind received by the
blades 101.
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(3) A power generator 103 that converts the rotation of the
turbine 102 mto AC power.

(4) A converter 104 that converts AC power having
undergone conversion by the power generator 103 1nto DC
power.

(5) An inverter 105 that converts DC power having
undergone conversion by the converter 104 into AC power.

(6) A pitch angle controller 106 that controls the pitch
angle of the blades 101.

(7) A DC/AC conversion controller 107 that controls the
power conversion by the converter 104 and the mverter 105.

(8) A power-generation-device data detector 108 that
detects eflective power outputs Pw1 to Pwn, reactive power
outputs Qwl to Qwn, and pitch angle pwl to pwn, and
angular speed deviation Awl to Awn 1n the wind power
generation device 100.

(9) A booster transformer 109 provided at a connection
point between the wind power generation device 100 and the
power line 4.

The blades 101 employ a structure that makes the pitch
angle of the blades 101 with respect to wind vanable. The
blades 101 are coupled with the turbine 102, and the turbine
102 converts the energy of wind received by the blades 101
into rotation energy. The rotation energy by the turbine 102
1s transmitted to the power generator 103.

The power generator 103 generates AC currents based on
the transmitted rotation energy. The generated AC currents
are output to the converter 104. The converter 104 converts
the input AC currents mto DC power. The DC power 1s
output to the mverter 105. The inverter 105 converts the
input DC currents imnto AC currents with the same frequency
as that of the commercial system.

The wind power generation device 100 1s provided with
the power-generation-device data detector 108 that detects
the effective power output Pwl to Pwn, the reactive power
output Qw1 to Qwn, the pitch angle fwl to pwn, and the
angular speed deviation Aw1 to Awn in the local wind power
generation device 100. The power-generation-device data
detector 108 1s coupled with the pitch angle controller 106
that controls the pitch angle of the blades 101 as well as the
power generator, and the AC/DC converter controller 107
that controls the power conversion by the converter 104 as
well as the inverter 105. The power-generation-device data
detector 108 detects the pitch angle fwl to Pwn as well as
the angular speed deviation Amw1 to Awn from the pitch angle
controller 106, and the effective power output Pwl to Pwn
as well as the reactive power output Qwl to Qwn from the
AC/DC converter controller 107.

The booster transtormer 109 1s provided at the output side
of the inverter 105. The booster transformer 109 1s provided
at a connection point between the wind power generation
device 100 and the power line 4, and boosts the voltage of
the wind power generation device 100 to a voltage at the
power-line-4 side. The power lines 4 in the wind farm are
collected. A similar transformer 1s provided at a connection
point between the collected power lines 4 and the system 3.
A circuit breaker 1s provided at each connection point, and
by an operation of the circuit breaker, the wind power
generation devices 100 are capable of being electrically
connected or disconnected to the power lines 4, and the
power lines 4 are also be capable of being electrically
connected or disconnected to the system 3.

The supplied power data detecting unit 5 that detects
various electric amounts 1s provided at the connection point
between the power lines 4 and the system 3. The supplied
power data detecting unit 5 detects an eflective power Pwi,
a reactive power Qwl, a voltage Vw1, and a frequency 1 at




US 9,584,054 B2

S

the connection point. The supplied power data detecting unit
5 1s coupled with the output control device 1, and transmits
the detected eflective power Pwl, reactive power Qwl,
voltage Vw1, and frequency {1 to the output control device 1
of the wind farm.

The output control device 1 employs the following struc-
tures.

(1) A potential estimator 11 that calculates the potential of
the whole wind firm.

(2) A control amount determiner 12 that determines, based
on the maximum amount of electrical power of the wind
farm estimated by the potential estimator 11, control
amounts of the wind farm output with respect to an effective
power, a spinning reserve to be maintained, a change rate to
be constant, and/or a reactive power.

(3) A control amount distributor 13 that distributes the
control amounts determined by the control amount deter-
miner 12 based on the available power generation amount of
cach wind power generation device 100.

(4) An 1nterface from an inputter 14 for allowing a user to
input an eflective power target value Pwi_ref to the control
amount determiner.

(35) An interface from a system operation unit 15 for
setting the eflective power target value Pwi_ref to the
control amount determiner 12.

The potential estimator 11 1s coupled with the detector
108 of each wind power generation device 100, and the
cllective power output Pwl to Pwn of each wind power
generation device 100 and the pitch angle fwl to Pwn
thereol are input to the potential estimator 11. The potential
estimator 11 estimates a potential that 1s the maximum
amount of the electrical power that each wind power gen-
eration device 100 can output based on the eflective power
output Pw1l to Pwn of each wind power generation device
100 and the pitch angle pwl to Pwn thereof. When the
potential of each wind power generation device 100 1n the
wind farm 1s estimated and the total of the respective
potentials 1s calculated, thereby estimating the potential of
the whole wind farm.

The control amount determiner 12 1s coupled with the
detector 108 of each wind power generation device 100, the
supplied power data detecting unit 5 provided at the con-
nection point between the power lines 4 and the system 3,
and the potential estimator 11. Input to this control amount
determiner 12 are the effective power output Pwl to Pwn,
reactive power output Qwl to Qwn, pitch angle fw1 to fwn,
and angular speed deviation Awl to Amn of the wind power
generation device 100 from the detector 108, the effective
power Pwi, reactive power Qwl, voltage Vwl, and 1re-
quency 1 of the connection point from the supplied power
data detecting umt 5, and the potential from the potential
estimator 11.

The control amount determiner 12 calculates a control
amount for a wind farm output so as not to exceed the total
potential outputtable by each wind power generation device
100. Example items to be controlled are an efl

ective power
target value Pwi_ref of a wind farm output, a spinning
reserve target value Psr_ref of the wind farm output, a
change rate target value DPT_ref of the wind farm output, a
control amount target value Qwi_ref of the reactive power
of the wind farm output, and a voltage control amount target
value Vwi_ref of the wind farm output. Those values are not
limited to preset values, and may be target values input from
the mputter 14 coupled with the control amount determiner
12 and from the system operation unit 15. Hence, as 1llus-
trated 1n FIG. 2, the control amount determiner 12 includes
an eflective power control section 121, a spinning reserve
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maintaining control section 122, an output change rate
maintaining control section 123, a reactive power control
section 124, and a voltage control section 125.

(Operation)

Operations of the eflective power control section 121, the
spinning reserve maintaining control section 122, the output
change rate maintaining control section 123, the reactive
power control section 124, and the voltage control section
125 1n the control amount determiner 12 will be explained
in detail with reference to FIGS. 3 to 11.

(1) Effective Power Control of Wind Farm Output

The operation of the effective power control section 121
will be explained with reference to FIGS. 3 and 4. A target
value of the eflective power 1s 1nput to the efiective power
control section 121 from the mnputter 14 or the system
operation unit 15. The effective power control section 121
sets this target value as the eflective power target value
Pwi_ref that 1s a target value of the wind farm output. The
cllective power target value Pwi_ref can be set based on a
preset value, or a target value mput from the inputter 14 or
the system operation unit 15 (step 101).

Next, the effective power Pwt of the whole wind farm 1s
detected. The effective power Pwi utilized at this stage 1s the
ellective power Pwi of the connection point detected by the
supplied power data detecting unit 5 (step 102).

Moreover, an eflective power control amount Pwi_r that
tollows the effective power target value Pwi_ref of the wind
farm output 1s calculated with respect to a deviation between
the effective power Pwl of the wind farm and the effective
power target value Pwi_ref. The effective power control
amount Pwi_r following the eflective power target value
Pwi_ref can be calculated based on a classic control theory.
At this time, a limiter 1s provided so as to be within the
minimum and maximum ranges ol the wind farm effective
power output set 1n advance. The eflective power output
maximuim to be set 1s, for example, the potential obtained by
the potential estimator (step 103).

The efective power control amount Pwi_r 1s calculated
from the eflective power Pwi of the wind farm and the
cllective power target value Pwi_ref as 1s indicated by the
procedures 1illustrated in FIG. 3 and FIG. 4.

(2) Control on Spinning Reserve Maintaining of Wind
Farm Output

An explanation will be given of the operation of the
spinning reserve maintaining control section 122 with ret-
erence to FIGS. 5§ and 6. The spinning reserve maintaining
control section 122 calculates the potential of each wind
power generation device 100 1n the wind farm, and calcu-
lates the total of the respective potentials, thereby calculat-
ing a potential Pwi_po of the whole wind farm (steps 201
and 202).

Next, a spinning reserve Psr_ref of the wind farm set 1n
advance 1s subtracted from the potential Pwi _po of the
whole wind farm, thereby calculating the effective power
target value Pwi_ref (step 203). Subsequently, the effective
power target value Pwi_ref 1s controlled so as not to exceed
the preset minimum and maximum of the wind farm that are
Pwi_limit_min and Pwi_limit_max (step 204).

The effective power target value Pwi_ref 1s calculated
from the potential Pwi_po of the whole wind farm and the
spinning reserve Psr_ref of the wind farm as 1s indicated by
the above steps 1 FIG. 5 and FIG. 6.

(3) Control on Output Change Rate Maintaining of Wind
Farm Output

An explanation will be given of the operation of the
output change rate maintaining control section 123 with
reference to FIGS. 7 and 8. The output change rate main-
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taining control section 123 sets the eflective power target
value Pwi_ref (step 301). The eflective power target value
Pwi_ref can be set based on a preset value or a target value
input from the inputter 14 or the system operation unit 15.

Next, a change rate of the eflective power target value
Pwi_ref per a time Td 1s detected (step 302). The output
change rate of the eflective power target value Pwi_ref per
a time Td 1s controlled so as not to exceed a preset range
+DPT retf. The control amount 1s calculated with the effec-
tive power target value Pwi_rel maintaining the output
change rate being as the target value of the eflective power
control (step 303).

As 1s indicated by the above steps in FIG. 7 and FIG. 8,
the spinning reserve maintaining control by the spinning
reserve hold control section 122 and the output change rate
control by the output change rate maintaining control section
123 are made in a parallel manner, thereby performing a
wind farm eflective power control that maintains a spinning,
reserve and also an output change rate.

FIG. 9 1llustrates example eflective power of the wind
farm and potential thereof having undergone a spinning
reserve maintaining control and an output change rate con-
trol. In FIG. 9, the effective power target value Pwi_ref of
the maintaining control output for a spinning reserve 1s set
as a target value of the output change rate maintaining
control, and a maintainming control output Pwi_ref* of the
output change rate 1s set as a target value of the eflective
power control. As 1s indicated by eflective power other than
A 1n the figure, 1t can be seen that the effective power output
transitions together with the transition of the potential.
Conversely, as 1s 1ndicated by A 1n the figure, when the
change rate of the potential transition 1s large, the output
change rate of the eflective power output becomes constant.
Hence, the absolute value of the slope of a graph represent-
ing the eflective power output does not become equal to or
greater than a certain value.

(4) Reactive Power Control of Wind Farm Output

The operation of the reactive power control section 124
will be explamned with reference to FIG. 10. The reactive
power control section 124 switches a control on the reactive
power among a constant reactive power control, a constant
apparent power control, and a constant power factor control.
In any reactive power control, a limiter 1s provided so as to
be within a preset minmimum and maximum range
+Qwi_limit of the wind farm reactive power output. The
mimmum and maximum range +Qw1_limit of the reactive
power output 1s calculated from a rating Swi_ VA of the wind
power generation device and the effective power target value
Pwi_ref. The eflective power target value Pwi_ref i1s a
smaller value than the value of the potential.

When, as the constant reactive power control, the reactive
power control section 124 controls the reactive power within
a certain value range, a PI control 1s performed on a
deviation between a preset target value Qwi_refd and the
reactive power detected value Qwi of the wind farm at the
connection point. A limiter 1s also provided so as to be within
the preset mimmimum and maximum range +Qwi_limit of the
wind farm reactive power output. The minimum and maxi-
mum of the reactive power output can be calculated based on
the rating Swi_VA of the wind power generation device and
the eflective power target value Pwi_ref.

[Formula 1]

"y

Owf 1imit=V(Swf VA*—Pwf ref®) (1)

When, as the constant apparent power control, the reac-
tive power control section 124 controls the apparent power
to be within a certain range, the reactive power target value
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Qwi_ref 1s calculated from the following formula (2) based
on the effective power target value Pwi_ref and an apparent
power target value SwIVA_ref, and 1s set as the target value
of the reactive power control, thereby calculating the reac-
tive power control amount that decreases a deviation
between the target value and the detected value.

[Formula 2]

Owf ref=—V (SwfVA_ref—Pwf ref’) (2)

When, as a constant power factor control, the reactive
power control section 124 controls the power factor to be
within a certain range, the reactive power target value
Qwi_ref 1s calculated from the following formula (3) based
on the eflective power target value Pwi_ref and a power
factor target value Pi_ref, 1s set as the target value of the
reactive power control, thereby calculating the reactive
power control amount that decreases a deviation between the
target value and the detected value.

|Formula 3]

(3)

1 — Pf ref?
Qwi_ref = v ( —

YR waf_refz]
re

As explained above, in the constant apparent power
control by the reactive power control section 124, 1n order
to ensure the lifetime of devices like a transformer, the
reactive power 1s adjusted in accordance with a change in the
cellective power so as to be make the apparent power
constant. Moreover, in the constant reactive power control,
in order to suppress a voltage rise and to maintain the power
quality, a reactive power constant control i1s performed
within the constraint of the transformer capacity. Further-
more, 1 the constant power factor control, in order to
improve the power factor at the power system side, the
reactive power 1s adjusted so as to make the power factor
constant 1n accordance with a change in the effective power.

(5) Voltage Control of Wind Farm Output

The operation of the voltage control section 1235 will be
explained with reference to FIG. 11. In this example, an
explanation will be given of a voltage control method based
on reactive power. The voltage control section 123 performs
a PI control so as to reduce a deviation between the wind
farm voltage target value Vwi_ref at the connection point
and a detected value Vwi.

A target value of the voltage 1s input in the voltage control
section 123 from the mputter 14 or the system operation unit
15. The voltage control section 123 sets this target value as
a target value Vwi_ref of a wind farm voltage that 1s a target
value of a wind farm output. The target value Vwi_ref of the
wind farm voltage can be set based on a preset value or a
target value mput from the inputter 14 or the system opera-
tion unit 15. Moreover, a reactive power control amount
Qwi_r that follows the target value Vwi_ref of the wind
farm voltage 1s calculated with respect to a deviation
between a detected value Vwi of the wind farm voltage and
the target value Vwi_refl of the wind farm voltage. The
reactive power control amount Qwi_r following the target
value Vwi_ref of the wind farm voltage can be calculated
based on a classic control theory like a PI control with a
deviation between the detected value Vwi of the wind farm
voltage and the target value Vwi_ref of the wind farm
voltage multiplied by K times being as a input. Note that K
1s a gain for converting the voltage nto reactive power.
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At this time, a limiter 1s provided so as to be within the
preset minimum and maximum range =Qwi_limit of the
wind farm reactive power output.

(6) Operation of Control Amount Distributer 13

An explanation will be given of the operation of the
control amount distributor 13 in this embodiment with
reference to FIG. 12. The control amount distributor 13 sets
a distribution gain for distributing the eflective power con-
trol amount set by the control amount determiner 12 to each
wind power generation device 100. The distribution gain 1s
set based on the available power generation amount of each
wind power generation device 100. The control amount
determiner 12 adjusts the control amount target value for
cach wind power generation device 100 based on the set
distribution gain, and outputs such a control amount target
value to each wind power generation device 100 via the
control line 2. Fach wind power generation device 100
generates power based on the control amount target value.

The distribution procedures by the control amount dis-
tributor 13 are as follows.

A difference between the potential of each wind power
generation device 100 obtained upon estimation from the
detected value (Pinvl, to Pinvn, 31 to pn, and, Aml to Amwn)
by the power-generation-device data detector 108 of each
wind power generation device 100 and the eflective power
detected value (Pw1 to Pwn) of each wind power generation
device 100 1s obtained. This embodiment 1s a case 1n which
a spinning reserve 1s also 1n consideration, and the energy of
wind 1s released by a pitch angle control, and thus a spinning
reserve 1s further subtracted.

Among the wind power generation devices 100, with
respect to the wind power generation devices 100 having
larger diflerence, the control amount distributor 13 transmits
an instruction to increase the eflective power output. This
output 1s based on a preset accelerator gain Kdp. The total
of distribution gains (Gdp1+Gdp2+ . .. +Gdpn) 1s controlled
so as to be n. Note that n 1s the number of wind power
generation devices. Tdp 1s a control cycle, and AGdp_min
and AGdp_max are upper and lower constraints of the
distribution gain. Note that Kdp 1s a coeflicient that adjusts
the amount of distribution. The maximum distribution gain
AGdp_max and the minimum distribution gain AGdp_min
are set 1n such a way that a distribution gain to be given to
cach wind power generation device 100 does not become
equal to or greater than a certain value, or become equal to
or smaller than a certain value.

More specifically, the following processes are performed.

(1) An output by each wind power generation device 100
1s subtracted from the maximum capable output of the wind
power generation device 100, and a spinning reserve 1s
turther subtracted, and, the available output power amount
of each wind power generation device 100 1s obtained.

(2) All mtegrals of the available power amount of the
respective wind power generation devices 100 per a control
cycle are summed up and then divided by the number n of
the wind power generation devices 100 1n the wind farm
thereby obtaining the result. This result 1s subtracted from
the available power generation amount of each wind power
generation device 100, thereby increasing the distribution
gain of the wind power generation device 100 with a larger
available power generation amount.

(3) The result of the above step (2) 1s added to the result
of (1) to obtain a distribution gain. At this time, the total of
the distribution gains 1s the total number n of the wind power
generation devices 100.

(4) When a constramnt 1s set to be AGdp_max and
AGdp_min, 1n order to allow the distribution gain to be n, the
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result of step (2) 1s subtracted from the result of the step (2)
prior to the step (3) at which the result of the step (1) 1s
added.

The control amount distributor 13 sets the control target
value of each wind power generation device 100 based on
the set distribution gain and the control amount set by the
control amount determiner 12. Fach wind power generation
device 100 controls an output through the pitch angle
controller 106 and the AC/DC converter controller 107

based on the distributed control amount. The pitch angle
controller 106 changes the pitch angle of the blades of the
wind power generation device 100 to release the energy of
wind, thereby changing the eflective power output. The
AC/DC converter controller 107 once converts the power
generation device output into DC through a converter, and
controls the effective power output and the reactive power
output through an inverter.

(Advantages)

According to this embodiment employing the above-
explained structure and operation, the following advantages
can be accomplished.

(1) According to this embodiment, the output amount of
the wind farm 1s controlled within a range not exceeding
power outputtable by each wind power generation device
100, and the control amount 1s distributed within a range
where each wind power generation device 100 can output in
accordance with the condition of wind case by case. Hence,
the wind farm can be efliciently operated as a whole.

(2) Several advantages such as to suppress a fluctuation
originating from wind, to perform a planned operation, and
to contribute to the system frequency adjustment 1n response
to an instruction from the system operation unit can be
accomplished by allowing the wind farm eflective power
output to follow the target value.

(3) A contribution to the system frequency adjustment
equivalent to those of water power generation devices and
thermal power generation devices can be accomplished
through the frequency control on the wind farm.

(4) The wind farm becomes able to control the effective
power at a power receiving point in such away that the
output change rate does not become larger than a preset
value, and thus there are advantages such that the rotation
speed of the wind power generation device does not exceed
the upper limit and a rapid fluctuation 1s suppressed at the
time of interconnection with the commercial system.

(5) The wind farm becomes able to control the effective
power at the power receiving point 1n such a way that a
spinning reserve 1s held and the output change rate does not
become larger than a preset value. Accordingly, when a
disturbance like a breakdown occurs 1n an interconnected
commercial system, the supplied power data detector to the
system can be increased, and thus the wind farm becomes
able to contribute to a system stabilization.

(6) By causing the wind farm reactive power output to
follow the target value, there are advantages such that the
constant apparent power control ensures the lifetime of a
device like a transformer, the constant reactive power con-
trol suppresses a voltage rise to maintain the power quality,
and the constant power factor control improves the power
factor at the system side.

(7) By maintaining the voltage at the wind farm 1ntercon-
nection point to be within a certain range within a capable
maximum reactive power output, there 1s advantage such
that the wind farm can supply power to the commercial
system without an adverse eflect of a voltage fluctuation
originating from a change 1n wind.
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[2. Second Embodiment]

An explanation will be given of a control device for a
wind farm output i1n detail according to a second embodi-
ment with reference to FIG. 13. The second embodiment
changes the way of distributing the control amount by the
control amount distributor 13 of the first embodiment. The
same structural element as that of the first embodiment will
be denoted by the same reference numeral, and the dupli-
cated explanation thereotf will be omitted.

FIG. 13 1s a block diagram illustrating a distribution
method of a reactive power control amount. The control
amount distributor 13 distributes, as the control amount of
the reactive power at each wind power generation device
100, the control amount set by the control amount deter-
miner 12 based on the available power generation amount of
the power generator 103 of each wind power generation
device 100. The distribution procedures by the control
amount distributor 13 are as follows.

An outputtable reactive power 1s obtained from the rating
(Sw1 to Swn) of each wind power generation device 100 and
the eflective power detected value (Pwl to Pwn). The
reactive power output instruction of the wind power gen-
eration device 100 with a large difference between the
outputtable reactive power and the reactive power detected
value (Qwl1 to Qwn) 1s increased by a preset accelerator gain
Kdg. The total of distribution gains (Gdql+Gdg2+ . . .
+(dgn) 1s controlled so as to be n. Note that Tdq 1s a control
cycle, and AGdg_min and AGdg_max are the lower and
upper restraints of the distribution gain. Moreover, Kdq 1s a
coellicient for adjusting the amount of distribution like Kdp.
AGdg_max 1s the maximum value of the distribution gain,
while AGdg_min 1s the minimum value of the distribution
gain. The distribution gain given to each wind power gen-
eration device 100 1s set so as to be between AGdg_min and
AGdg_max.

More specifically, the following processes are performed.

(1) An outputtable reactive power 1s obtained from the
rating of the wind power generation device 100 and the
ellective power detected value. For each wind power gen-
eration device 100, the reactive power 1s subtracted from the
cllective power detected value.

(2) All 1integrals of the reactive powers of the respective
wind power generation devices 100 for each control cycle 1s
summed up and then divided by the number of wind power
generation devices 100 thereby obtaining the result. This
result 1s subtracted from the reactive power of each wind
power generation device 100, thereby increasing the distri-
bution gain of the wind power generation device 100 with a
smaller reactive power.

(3) The result of the step (2) 1s added to (1) to obtain the
distribution gain. The total of distribution gains becomes the
total number n of the wind power generation devices 100.

(4) When restraints to AGdg_max and AGdg_min are
made, 1 order to cause the distribution gain to be n, the
result of the step (2) 1s subtracted from the result of step (2)
prior to the step (3) at which the result (1) 1s added.

According to this embodiment, 1t becomes possible to
cause the wind farm reactive power output to follow the
target value efliciently within a range where each wind
power generation device 100 1s outputtable in accordance
with the condition of wind case by case. Hence, the advan-
tages of the reactive power control and the voltage control,
such as to suppress a voltage rise, maintain the power
quality, and improve the power factor, can be enhanced.

[3. Third Embodiment]

Next, an explanation will be given of a control device for
a wind farm output according to a third embodiment of the
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present disclosure with reference to FIG. 14. This embodi-
ment 1s a modification of the way of estimation by the
potential estimator 11 of the first embodiment. The same
structural element as those of the first and second embodi-
ments will be denoted by the same reference, and the
duplicated explanation thereol will be omatted.

FIG. 14 1s an example process by the potential estimator
11. A ratio of power Pex taken out by the turbine from power
Pv of the wind 1s defined as a turbine loss i1lex, and power
released by a pitch angle control 1s defined as Ppitch(f3). The
function 3 of Ppitch can be expressed as the following
formula (4).

|[Formula 4]

Pex=Pv(1-Ppitch(p)mex (4)

In this case, when (1-Pitch(f)mex 1s nex' (), 1t can be
expressed as the following formula (3).

|[Formula 5]

Pex=Pvmex'(P) (5)

When 1t 1s presumed that a ratio between the turbine
output Pex and a generation device output Pg 1s a generation
device loss ng, the rotation speed of the power generation
device changes in accordance with a turbine output change,
and this rotation torque 1s Pt(Awm).

Pg=Pex(1-Pt{Am)ng (6)

In this case, when (1-Pt(Aw)mg 1s ng'(Aw), the following
formula 1s satisfied.

Pg=Pexm'(Am) (7)

It 1s presumed that a generation device output 1s Pg and a
loss of an AC/DC converter output Pinv 1n the converter 104
1s Minv. In this case, when the DC voltage of the converter
104 1s maintained at constant, the following formula can be
satisfied.

|[Formula 8]

Pinv=Pgminy (8)

Formulae (4), (7), and (8) are multiplied.
|[Formula 9]

Pex/PvxPg/PexxPinv/Pg=nex' (P)xng'(Aw)xniny (9)

Based on the formula (9), an outputtable potential by the
wind power generation device can be expressed by the

tollowing formula (10).
[Formula 10]

Pv=Pinvi(nex'(Pp)xmg'(Aw)xncn)

A potential can be obtained based on the AC/DC con-
verter output Pinv (1.e., equal to a wind power generation
device output Pw) 1n the converter 104, and set values of
nex' (f), ng' (Am), ninv, or actual values thereof. Note that
nex' 1s a function of the pitch angle, and ng' 1s a function of
an angular speed deviation.

(Advantages)

According to this embodiment, because it 1s diflicult to
precisely measure a wind speed at each wind power gen-
eration device 100, but the potential can be precisely esti-
mated based on an output by the wind power generation
device 100, the pitch angle, and a detected value of the
angular speed deviation. This enables the wind farm to
distribute the output without loss. In estimating the potential,
an estimation can be performed by detecting a generation
device output without using the AC/DC converter output
Pinv and the loss minv.

(10)
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[5. Other Embodiments]

The explanation was given of the multiple embodiments
of the present disclosure i1n this specification, but those
embodiments are merely examples, and are not intended to
limit the scope and spirit of the present disclosure. More
specifically, simultaneous distribution of the control amount
of the distribution amount of the eflective power and the
control amount of the reactive power at the control amount
distributor 1s also within the scope and spirit of the present
disclosure. In this case, a control 1s performed 1n such a way
that the potential=the control amount of the effective power+
the control amount of the reactive power. Moreover, the
control may be performed 1 such a way that the
potential=the control amount of the eflective power+the
control amount of (the reactive power+the spinning reserve).
Such an embodiment can accomplish the advantages of both
first and second embodiments.

In the first embodiment, the explanation was given of the
control method by the eflective power control section 121,
the spinning reserve maintaining control section 122, the
output change rate maintaining control section 123, the
reactive power control section 124, and the voltage control
section 125, but a control on the effective power, the
spinning reserve, the reactive power, and the voltage through
other schemes are also within the scope and spirit of the
present disclosure. The same 1s true of the method of
maintaining the output change rate.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the mventions.
Indeed, the novel methods and apparatuses described herein
may be embodied 1n a variety of other forms; furthermore,
various omissions, substitutions and changes 1n the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the mventions.

What 1s claimed 1s:

1. An output control device for a wind farm provided with
a plurality of wind power generation devices, the control
device comprising:

a potential estimation umt that estimates a maximum
amount ol electrical power outputtable by each wind
power generation device;

a control amount determination unit that determines,
based on a value calculated by subtracting a spinming
reserve of the wind farm from the maximum amount of
the electrical power estimated by the potential estima-
tion unit, a control amount on an effective power of
cach wind power generation device and/or on a reactive
power thereof in the wind farm; and

a control amount distribution unit that distributes the
control amount to each wind power generation device
based on an available power generation amount of each
wind power generation device.

2. The output control device for the wind farm according,

to claim 1, wherein:

the wind power generation device comprises:

a blade that has a variable pitch angle;

a turbine that 1s rotated by wind received by the blade;
and

a power generator that converts a rotation of the turbine
into AC power, and

the potential estimation unit estimates an outputtable
maximum amount of electrical power by each wind
power generation device based on a pitch angle of the
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blade, an angular speed deviation of the power genera-
tor, and a conversion loss of the wind power generation
device.

3. The output control device for the wind farm according,
to claim 2, wherein:

the wind power generation device further comprises a

converter that converts AC power generated by the
power generator mto DC power, and

the conversion loss includes a turbine loss based on a

power released through a pitch angle control, a gen-
eration device loss based on an angular speed deviation
of the power generator, and a conversion loss of the
converter.

4. The output control device for the wind farm according
to claim 1, wherein the control amount determination unit
determines the control amount on the eflective power based
on the maximum amount of the electrical power estimated
by the potential estimation unit.

5. The output control device for the wind farm according
to claim 1, wherein:

the control amount distribution unit comprises a distribu-

tion gain determination unit,

the distribution gain determination unit calculates an

available power generation amount of each wind power
gene n device for each control cycle, and determines a
distribution gain of each wind power generation device
such that

the control amount determination unit increases the dis-

tribution gain of the wind power generation device with
a larger available power generation amount such that a
total of the distribution gains equals to a total number
of the wind power generation devices that 1s n.

6. The output control device for the wind farm according
to claim 1, wherein the control amount detemination unit the
control amount on the reactive power 1s determined based on
a preset reactive power target value, a reactive power target
value on the basis of an effective power target value and an
apparent power target value, or a reactive power target value
on the basis of the effective power target value and a power
factor target value.

7. A output control method for a wind farm provided with
a plurality of wind power generation devices, the method
comprising, using a computer to perform the steps of:

estimating a maximum amount of the electrical power

outputtable by each wind power generation device;

determining, based on a value calculated by subtracting a

spinning reserve of the wind farm from the estimated
maximum amount of the electrical power, a control
amount on an elflective power of each wind power
generation device and/or on a reactive power thereot 1n
the wind farm:; and

distributing the control amount to each wind power gen-

eration device based on an available power generation
amount of each wind power generation device.

8. The output control method for the wind farm according,
to claim 7, wherein:

the wind power generation device comprises:

a blade that has a vanable pitch angle;

a turbine that 1s rotated by wind received by the blade;
and

a power generator that converts a rotation of the turbine
into AC power, and

the method comprises: estimating a wind speed received

by each wind power generation device based on a pitch
angle of the blade, an angular speed deviation of the
power generator, and a conversion loss of the wind
power generation device.
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9. A non-transitory computer readable medium storing an
output control program for a wind farm comprising an
output control device that controls respective outputs of a
plurality of wind power generation devices, the program
allowing a controller of the output control device to execute
steps of:

estimating a maximum amount of the electrical power

outputtable by each wind power generation device;

determining, based on a value calculated by subtracting a

spinning reserve of the wind farm from the estimated
maximum amount of the electrical power, a control
amount on an eflective power of each wind power
generation device and/or on a reactive power thereof 1n
the wind farm; and

distributing the control amount to each wind power gen-

cration device based on an available power generation
amount each wind power generation device.
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